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Re-endothelialisation in Autogenous Vein Grafts* 
Masahiko Ishikawa, Tadahiro Sasajima and Yoshihiko Kubo 
First Department of Surgery, Asahikawa Medical College, Asahikawa, Japan. 
Objectives: To clarify the course of re-endothelialisation (Re-E) in an entire graft and to establish the effect of immersion 
media for the preservation of endothelial cells. 
Methods" Autogenous femoral veins of dogs were immersed in heparinised saline solution (n = 18) or heparinized 
autogenous blood (n = 18). After immersion, the grafts were implanted into bilateral femoral artery, and were retrieved 1
day to 4-8 weeks after implantation. 
Results: For the grafts immersed in the heparinised saline solution, the values for %area of endothelial cell coverage before 
implantation, and at I day, 1 week, and 4 weeks after implantation were 44.9%, 6.2%, 14.5%, and 81.3%, respectively. 
For the grafts immersed in heparinised autogenous blood, the values were 73.5%, 20.6%, 79.2% and 95.5%, respectively. 
However, such relatively rapid speed of Re-E slowed down considerably after 1 week following implantation in this 
group. 
Conclusions: The use of heparinized autogenous blood is strongly recommended as a preparation media for autogenous 
vein grafts. Almost all of the endothelial cells fall away in the earlier period after implantation and regenerate multifocally 
and irregularly. Re-E is incomplete ven at 8 weeks after surgery, and we suggest hat the area of incomplete Re-E may 
develop into intimal hyperplasia. 
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Introduction 
In clinical studies of arterial reconstructions using 
autogenous vein graft, progressive intimal hyper- 
plasia is the main cause of late vein graft failure. 
However, the mechanism of intimal hyperplasia is not 
clearly understood. Endothelial cell injury during 
preparation of grafts and vein graft quality are 
thought o be important factors in the development of
intimal hyperplasia. 1~ Scanning electron microscopy 
(SEM) of the luminal surface of the stenotic sites 
indicates that incomplete re-endothelialisation (Re-E) 
occurs. Since complete Re-E occurs at the non-stenotic 
site of the same grafts, we considered that intimal 
hyperplasia was clearly related to the delayed Re-E. 
The length of time taken for Re-E depends on the 
extent of damage to the vein graft at operation. In 
previous tudies, the process, speed and completion of 
Re-E have not been demonstrated clearly, since the 
investigations of the graft using SEM has not been 
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available for the detailed study of Re-E in an entire 
graft after implantation. 7-11 
In this study, we have used a silver staining method 
to measure the area of endothelial cell coverage of an 
entire graft after implantation, and to compare the 
effects of heparinised autogenous blood and hep- 
arinised saline solution immersion on the preservation 
of the endothelial cell. 
Material and Methods 
Thirty-six adult mongrel dogs of either sex (weighting 
10-15kg) were anesthetized with phenobarbital. Six 
centimetre lengths of both femoral veins were har- 
vested using a no touch technique, distended by 
gentle manual pressure and immersed in heparinized 
(10U/ml) saline solution (n=18), or heparinized 
(250U/ml) autogenous blood (n = 18) for 1 h at room 
temperature (20°C). The femoral vein then was 
reversed and implanted into the ipsilateral femoral 
artery with end-to-end anastomoses using 7-0 poly- 
propylene. After implantation, the grafts were 
removed at 2 h, at 1, 2, 3, 5 and 7 days, and at 2, 3, 4 
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and 8 weeks. The specimens were opened longitudi- 
nally and fixed to a board immediately. Physical 
handling was minimised before staining. They were 
immersed in 0.3% silver nitrate solution for 2 min and 
fixative for 1 min under an ultraviolet lamp (UVL-56, 
UVP) with a longwave (365nm) at a distance of 15cm. 
Thereafter, the silver-stained preparations were rinsed 
gently with 20ml of 5% dextrose, and fixed with 10% 
formalin or 1% glutaraldehyde in phosphate-buffered 
saline solution for 1 h. The boundaries of individual 
endothelial cell coverage were traced from light 
microscope (LM). Using a computer image analyser 
(Nachet NS-150, image processor), the following was 
calculated: %area of endothelial cell coverage = area 
of endothelial cell coverage / total area of the luminal 
surface of the graft × 100. The silver staining method 
was not specific for identifying endothelial cells, so it 
was combined with a more specific method. SEM at 
higher magnification and staining for Factor VIII- 
related antigen were performed in all preparations to 
confirm the presence of endothelial cells. Statistical 
analysis of the data was performed by Student -test 
for paired samples. 
Results 
Morphometric analysis 
LM examination revealed a brown area and light- 
brown area intermingled in the luminal surface of the 
en-face silver-stained graft. Upon detailed examina- 
tion of the brown area of the graft, the brown 
endothelial cell junctions were traced with silver lines, 
producing a characteristic " obblestone appearance", 
while the shapes and sizes of the endothelial cells 
exhibited various patterns (Fig. 1A). In this area, SEM 
clearly demonstrated the presence of the spindle- 
shaped endothelial cells (Fig. 1B). Detailed investiga- 
Fig. 1. A graft 5 days after implantation. (A) Light micrograph with 
silver staining demonstrates the endothelial silver lines (original 
magnification × 128). Note the "cobblestone appearance" of 
stained intercellular junction. (B) SEM clearly demonstrates the 
intact endothelial cells with distinct junction ( riginal magnification 
× 1000). (Reproduced here at 80%). 
Fig. 2. A graft 5 days after implantation. (A) Light micrograph with 
silver staining did not demonstrate the "cobblestone appearance" 
(original magnification × 50). (B) SEM demonstrates the loss of 
endothelial cells and the exposure of subendothelial collagen fibres 
(original magnification × 500). (Reproduced here at 80%). 
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Fig. 3. Area of endothelial cell coverage on a graft 5 days after implantation. Light micrographic findings demonstrated the traced area 
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Fig. 4. %Area of endothelial cell coverage during the period from 2h to 7 days after implantation. 
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tion of the light-brown area was also performed at this 
time, but LM did not reveal the silver lines of 
"cobblestone appearance" and the luminal surface of 
the graft was unstained (Fig. 2A). SEM in this area 
demonstrated the loss of endothelial cells, and the 
exposure of collagen fibres in the subendothelial l yer 
and internal elastic lamina (Fig. 2B). On the luminal 
surface of the graft at the early period after implanta- 
tion, a few endothelial cells remained around the 
venous valve, the orifice of the branch, and the free 
luminal wall. After that, endothelial cells regenerated 
multifocally and irregularly on the luminal surface of 
the graft (Fig. 3). 
Endothelial cell coverage assessment 
After 1 h immersion prior to implantation, the 
endothelial cells in the entire graft immersed in 
heparinised autogenous blood and in heparinised 
saline solution covered an area of 73.5% and 44.3%, 
respectively. For the grafts immersed in heparinised 
autogenous blood, the values for %area of endothelial 
cell coverage at 2 h, and at 1, 2, 3, 5 and 7 days after 
implantation were 16.1%, 20.6%, 22.8%, 55.1%, 59.2% 
and 79.2%, respectively. For the grafts immersed in 
heparinised saline solution immersion, the values 
were 5.9%, 6.2%, 8.3%, 11.5%, 12.5% and 14.5%, 
respectively (Fig. 4). Almost all of the endothelial cells 
Table 1. The effect of immersion media on % area/day* 
% area / day ( % / day) 
Postoperative p riods HB HS 
1-7 days 9.76-+0.32** 1.38-+0.18"* 
1-4 weeks 0.78-+0.21"* 3.18-+0.25"* 
HB=Heparinised Autogenous Blood; HS=Heparinised Saline 
Solution. 
* % Area/day=Area of Endothelial Cell Coverage x 
Total area of Vein Graft 100 
** p<0.05. 
fell away from the luminal surface of the graft in the 
earlier period after implantation and regenerated 
gradually (Table 1). At 2, 3 and 4 weeks after 
implantation, the values for % area of endothelial cell 
coverage were 86.8%, 93.5% and 95.5%, respectively, 
for the grafts immersed in heparinised autogenous 
blood, and the values were 35.7%, 47.0% and 81.3%, 
respectively, for grafts immersed in heparinised saline 
solution. The %area of endothelial cell coverage was 
93.3% at 8 weeks after implantation (Fig. 5) i.e. Re-E 
was still incomplete ven at 8 weeks after surgery (Fig. 
6). 
Discuss ion  
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Fig. 5. %Area of endothelial ceil coverage during the period from 1 week to 8 weeks after implantation. 
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intimal hyperplasia, nd the incidence of this compli- 
cation is concentrated within the first 2 years after 
implantation, as has been previously reported. ~2'13 
However, the mechanism and prevention of intimal 
hyperplasia has not been demonstrated clearly. Even 
now, the process of Re-E and the effect of immersion 
media have not been fully clarified. When an auto- 
genous vein graft is implanted an arter~ endothelial 
cell loss occurs before implantation due to the physical 
and chemical injuries that occur in the preparation and 
immersion. 8'14 Most of the endothelial cells fall away 
rapidly from the luminal surface of the implanted 
graft following the exposure to the arterial environ- 
ment and it's shear stress. 4"5 Re-E of the graft com- 
mences gradually, and smooth muscle cells start 
migrating from the media across the intimal elastic 
lamina and continue to proliferate to form intimal 
hyperplasia. As soon as Re-E is completed, the growth 
of smooth muscle cells appears to stop. Thus, intimal 
hyperplasia is a time-limited process of the auto- 
genous vein graft. 6"8A5A6 Nevertheless, in up to 15% of 
the area of the implanted graft, intimal hyperplasia 
13 does not stop, and continues to proliferate. Vascular 
smooth muscle cell proliferation and intimal hyper- 
plasia are a common response to endothelial 
injury. 17'1s The initial stimulus for this proliferative 
response is thought to be platelet-derived growth 
factor released from platelets attached to the site of 
injury. 19 The formation of intimal hyperplasia fter 
vascular injury depends on smooth muscle cell pro- 
liferation, migration, and synthesis, and is regulated 
by positive and negative factors from the blood, 
leukocytes, and the vascular wall themselves. 15 
There have been many previous reports regarding 
the Re-E of autogenous vein grafts in dogs. These 
Fig. 6. A graft 8 weeks after implantation (immersed in heparinised 
saline solution). Note the existence of small areas of incomplete R - 
E (arrows; original magnification × 128). (Reproduced here at 
60%). 
Table 2. Re-endothelialisation i autogenous vein grafts (Experi- 
mental studies) 
Completion f Immersion 
Author Re-E media Animals 
Adcock (1987) 10 days HB Dog 
Cambria (1985) 2 weeks LR Dog 
Reichle (1973) 3 weeks S Dog 
Horio (1991) 3 weeks S Dog 
Bush (1986) 4-6 weeks HB, HS Dog 
Hoover (1988) 6 weeks HB, HS Dog 
Quist (1992) 10 weeks S Dog 
Wyatt (1966) 12 weeks S Dog 
HB=Heparinised whole blood; HS=Heparinised aline solution; 
S=Saline solution; LR=Lactated Ringer's solution. 
studies report conflicting results as to the point of 
completion of Re-E; that is, 10 days, 2° 2 weeks, 21 3 
weeks, s'22 6 weeks, 23'24 10 weeks 2s and 12 weeks 26 
after implantation (Table 2). These conclusions were 
varied because most investigators did not study the 
entire graft, but only a few local areas of the luminal 
surface using a SEM. However, using the silver 
staining method, which provided a broad overview 
for evaluation of the flow surface, we could trace the 
area showing "cobblestone appearance" in each graft, 
and measured the area of endothelial cell coverage in 
the entire graft using a computer image analyser. 27'28 
The silver staining method emonstrated that endo- 
thelial cells regenerated multifocally and irregularly, 
and this fact suggested that local investigation of the 
graft using only SEM was not useful for the detailed 
study of Re-E in an entire graft. Using this silver 
staining method, silver granules were observed to be 
localised along the intercellular junctions, a d also 
tended to pool in the basement membrane beneath 
each junction. 29 The endothelial cells were outlined 
with silver lines and revealed as a characteristic 
"cobblestone appearance." Since endothelial cells did 
not always exist in the brown stained area of the 
luminal surface, it was necessary to confirm the 
presence of silver lines and "cobblestone appearance" 
to confirm the existence of endothelial cells. 27 
There have been many previous reports about the 
effects of immersion media on autogenous vein 
grafts. 30-33 It is well known that the integrity of 
venous endothelial cells during graft preparation is
strongly influenced by temperature, distention pres- 
sure, solution composition, osmotic pressure, and 
utilisation of pharmacologic agents. 2°'34 We compared 
the maintenance of endothelial cells by heparinised 
autogenous blood and by heparinised saline solution. 
The present study established that heparinised auto- 
genous blood was superior to heparinised saline 
solution for the preservation of endothelial cells. This 
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is probably because the heparinised autogenous blood 
has more physiological properties than heparinised 
saline solution in terms of buffer function, oxygen 
transportation, oncotic pressure and optimal pH.  34'35 
Previous reports have also shown that blood storage 
preserves the integrity of the endothelial monolayer 
better than saline solution. 24"3° The effect of hep- 
arinised autogenous blood as the optimal preparation 
media has also been confirmed by investigating 
prostacyclin production and biochemical function of 
the endothelial cells. 
In conclusion, the use of heparinised autogenous 
blood is strongly recommended as a preparation 
media for autogenous vein grafts. Endothelial cells 
regenerate multifocally and irregularly on the luminal 
surface of the vein graft. Re-E is not complete ven at 
8 weeks after surgery. We suggest hat these areas of 
incomplete Re-E may develop into intimal hyper- 
plasia. However, further detailed studies are required 
to establish whether vein graft stenosis due to intimal 
hyperplasia is directly related to areas of incomplete 
Re-E. 
References 
1 DAVIES AH, MAGEE TR, SHEFFIELD E, BAIRD RN, HORROCKS M. The 
aetiology of vein graft stenosis. Eur J Vasc Surg 1994; 8: 
389-394. 
2 SZIKAGYI DE, ELLIOTT JP, HAGEMAN JH, SMITH RF, DALL'OLMo CA. 
Biologic fate of autogenous vein implants as arterial substitutes. 
Ann Surg 1973; 178: 232-246. 
3 GUNDRY SR~ JONES M, ISHIHARA % FERRANS VJ. Optimal prepara- 
tion techniques for human saphenous vein grafts. Surgery 1980; 
88: 785-794. 
4 DAVIES MG, KLYACHKIN ML, DALEN H, MASSEY MG, SVENDSEN E, 
HAGEN P-O. The integrity of experimental vein graft endothe- 
lium - -  Implications on the etiology of early graft failure. Eur J 
Vasc Surg 1993; 7: 156-165. 
5 HoRIo M. De-endothelialization a d re-endothelialization in 
autogenous vein graffs-Fundamental and clinical study. J Jpn 
Surg Soc 1990; 92: 867-873. 
6 DICKEY RJ/ MCGEACHIE JK, PRENDERGAST l~J. A review of the 
histologic changes in vein-to-artery grafts, with particular 
reference to intimal hyperplasia. Arch Surg 1988; 123: 691-696. 
7 RAMOS JR~ BERGER K/ MANSFIELD PB, SAUVAGE LR. Histologic fate 
and endothelial changes of distended and nondistended vein 
grafts. Ann surg 1976; 183: 205-228. 
8 ZWOLAK RM, ADAMS ME, CLOWES AW. Kinetics of vein graft 
hyperplasia: Association with tangential stress. J Vasc Surg 1987; 
5: 126-136. 
9 GELDERMAN PW, BERENDSEN W. Re-endothelialization of micro- 
vascular carotid end-to-side anastomosis in the rat. J Neurosurg 
1979; 51: 785-795. 
10 DICKEY RJ, MCGEACHIE JK, PRENDERGAST FJ. Experimental vein 
grafts in the rat: re-endothelialization a d permeability to 
albumin. Br ] Surg 1983; 70: 7-12. 
11 REIDY MA, SCHWARTZ SM. Endothelial regeneration. III. Time 
course of intimal changes after small defined injury to rat aortic 
endothelium. Lab Invest 1981; 44: 301-308. 
12 SLADEN JG, GILMOUR JL. Vein graft stenosis. Characteristic and 
effect of treatment. Am J Surg 1981; 141: 549-553. 
13 SASAJIMA % KUBO Y, KOKUBO M, IZUMI Y~ INABA M. Comparison of 
reversed and in situ saphenous vein grafts for infragenicular 
bypass: Experience of two surgeons. Cardiovasc Surg 1993; 1: 
38-43. 
14 FucHs JCA, MITCHENER JS, HAGEN P-O. Postoperative changes in 
autogenous vein grafts. Ann Surg 1978; 188: 1-15. 
15 CLOWES AW, REIDY MA. Prevention of stenosis after vascular 
reconstruction: Pharmacologic control of intimal hyperplasia-A 
review. J Vasc Surg 1991; 13: 885-891. 
16 LESPERANCE J, BOURASSA MG, SALTIEL J~ CAMPEAU Lt GRONDIN CM. 
Angiographic hanges in aortocoronary vein grafts: Lack of 
progression beyond the first year. Circulation 1973; 48: 633-696. 
17 RADIC ZS, O'MALLEY MK, MIKAT EM et aL The role of aspirin and 
dipyridamole on vascular DNA synthesis and intimal hyper- 
plasia following deendothelialization. J Surg Res 1986; 41: 
84-91. 
18 Ross Rr GLOMSET JA. The pathogenesis of atheroselerosis (second 
of two parts). N Engl J Med 1976; 295: 420--425. 
19 McCANN RL, HAGEN P-O, FUCHS JCA. Aspirin and dipyridamole 
decrease intimal hyperplasia in experimental vein grafts. Ann 
Surg 1980; 191: 238-243. 
20 ADCOCK GD, ADCOCK 0% WHEELER JR et al. Arterialization of 
reversed autogenous vein grafts: Quantitative light and electron 
microscopy of canine jugular vein grafts harvested and 
implanted by standard or improved techniques. J Vasc Surg 1987; 
6: 283-295. 
21 CAMBRIA RP, MEGERMAN J, ABBOTT WIVI. Endothelial preservation 
in reversed and in situ autogenous vein grafts. Ann Surg 1985; 
202: 50-55. 
22 REICHLE FA, STEWART GJ, ESSA N. A transmission and scanning 
electron microscopic study of luminal surfaces in Dacron and 
autogenous vein bypasses in man and dog. Surgery 1973; 74: 
945-960. 
23 Bush HL, JAKUBOWSKI JA, CURL GR, DEYION D, NABSETH DC. The 
natural history of endothelial structure and function in arteri- 
alized vein grafts. J Vasc Surg 1986; 3: 204-215. 
24 HOOVER EL, ROSS M, FAMI K et aL Biochemical and histopatho- 
logic comparison between blood and saline storage of canine 
veins. J Vasc Surg 1988; 7: 543-548. 
25 QIST WC, HAUDENSCHILD CC, LoGERFO FW. Qualitative micros- 
copy of implanted vein grafts. J Thorac Cardiovasc Surg 1992; 103: 
671-677. 
26 WYATT AP, TAYLOR GW. Vein grafts: Changes in the endothelium 
of autogenous free vein grafts used as arterial replacements. BrJ 
Surg 1966; 53: 943-947. 
27 GOFF SG, WU H-D, SAUVAGR LR et al. Differences in reendothelial- 
ization after balloon catheter removal of endothelial cells, 
superficial endarterectom]6 and deep endarterectomy. ] Vasc Surg 
1988; 7: 119-129. 
28 ISOGAI N, HASHLZUME K, UEGAITO K, KAM~ISHI H. The observation 
of endothelial cells in vein grafts by the en face silver staining 
method. Microsurgery 1991; 12: 96-100. 
29 ZAND T, UNDERWOOD JM, NUNNARI JJ, MAJNO G, JORIS I. 
Endothelium and "Silver lines". An electron microscopic study: 
Virchows Arch 1982; 395: 133-144. 
30 GUNDRY SR~ JONES MJ, ISHIHARA % FERRANS VJ. Intraoperative 
trauma of human saphenous veins: Scanning electron micro- 
scopic comparison of preparation techniques. Ann Thorac Surg 
1980; 30: 40-47. 
31 ABBOTT WM¢ WIELAND S, AUSTEN WG. Structural changes during 
preparation of autogenous venous grafts. Surgery 1974; 76: 
1031-1040. 
32 LoGERFO FW, QUIST WC, CRAWSHAW HM, HAUDENSCHILD C. An 
improved technique for preservation ofendothelial morphology 
in vein grafts. Surgery 1981; 90: 1015-1024. 
33 SVENDSEN E, DALEN H, MOLAND J, ENGEDAL H. A quantitative 
study of endothelial cell injury in aorto-coronary vein grafts. J
Cardiovasc Surg 1986; 27: 65-71. 
34 BONCHEK LI. Prevention of endothelial damage during prepara- 
tion of saphenous veins for bypass grafting. J Thorac Cardiovasc 
Surg 1980; 79: 911-915. 
Eur J Vasc Endovasc Surg Vol 11, January 1996 
Re-endothelialisation in Vein Grafts 111 
35 STANLEY JC, SOTTIURAI V / FRY RE, FRY WJ. Comparative valua- 
tion of vein graft preparation media: Electron and light micro- 
scopic studies. J Surg Res 1975; 18: 235-246. Accepted 15 May 1995 
Eur J Vasc Endovasc Surg Vol 11, January 1996 
